The ADEI gene of Saccharomyces cerevisiae was isolated by complementation in S. cerevisiae from a yeast genomic DNA library carried on plasmid YEp13. Electron microscopy of R-loop-containing DNA indicated the location of the ADEI gene on the plasmid insert. Gene disruption and gene replacement were used to demonstrate that the adel-complementing sequence was the actual ADEI gene that maps on chromosome I. adel strains which normally form red colonies form white ones when transformed with the cloned ADEI gene. This property should be very useful, since it enables detection of plasmids carrying this gene under nonselective conditions.
Chromosome I of Saccharomyces cerevisiae, the smallest chromosome, contains ca. 200 kilobases (kb) of DNA (D. Schwartz and C. Cantor, personal communication). To date, only 11 genetic loci have been mapped within a distance of 110 cM on this chromosome (16) . To begin the isolation of the DNA from this chromosome on recombinant molecules, the ADE1 gene was cloned by yeast transformation and complementation. This gene maps close to the chromosome I centromere and provides a convenient starting point for "chromosome walking" (2) .
Strains of Saccharomyces cerevisiae carrying a mutation in the adel gene require adenine for growth because they are deficient in phosphoribosyl-amino-imidazolesuccinocarboxamide synthetase (EC 6.3.2.6; 7, 22) , an enzyme in the adenine biosynthetic pathway. The lack of this enzyme activity leads to an accumulation of a red pigment, apparently caused by a buildup of the biosynthetic intermediate phosphoribosylaminoimidazole. As a result, colonies of adel mutants are usually red (11) , in contrast to wild-type colonies, which are white.
In this communication, we describe the isolation of the ADEI gene from S. cerevisiae. This cloned gene should be very useful, since it can be detected under both selective and nonselective conditions.
To clone the ADEI gene by complementation, spheroplasts from strain DK98-1C (MATa adel-l cdcl5-1 leu2-3,112 his3-11,15) were transformed (8) (14) . Amplified plasmid DNA from E. coli was purified (15) and shown to retain the ability to complement both adel and leu2 mutations in several different red adel yeast strains. In these experiments, all transformants grew up as white Ade+ colonies on medium lacking adenine. When cells from these white colonies were replaced for single colonies on nonselective medium, they gave rise predominantly to red-sectored white colonies and several red colonies. This behavior was indicative of plasmid loss. Restriction endonuclease sites on this plasmid, designated YEp13:(ADEl)1, were then mapped (Fig. 1) .
Electron microscopy of R-loop-containing DNA was used to map the transcribed regions of the insert in YEp13:(ADEl)1 (Fig. 1) . The predominant 1.0-kb R loop was presumed to define the ADEI gene, as it was the only intact R loop observed on the insert. In addition, preliminary experiments to quantitate the relative abundance of this transcript by R loop electron microscopy (13) suggested that it was more abundant in cells grown on medium without adenine than in cells grown on medium containing adenine. An additional R loop from part of another transcribed region (referred to as transcribed region "a") was observed at the S. cerevisiae-vector junction. Analysis of Northern blots (1) of yeast RNA probed with a restriction fragment from the junction region showed this DNA was complementary to a 2.5-kb transcript (data not shown). Under all conditions examined, this transcript was less abundant than the 1-kb transcript. In addition, the relative abundance of the 2.5-kb transcript did not appear to increase in cells grown in medium lacking adenine.
To prove that the adel-complementing activity of 4 ,5',8-trimethylpsoralen and UV light, and hybridized at a concentration of 5 p,g/ml to polyadenylate-containing RNA at a concentration of 120 ,ug/ml. The RNA was isolated from strain Y185 by a modification of the guanidinium thiocyanate procedure (9; D. Kaback and L. Feldberg, manuscript in preparation). The hybridization mixture was incubated for 16 h at 49.5°C and then for 4 h at 47°C under conditions that optimize R loop formation, treated with 1 M glyoxal to stabilize the R loops, and passed through a Sepharose 2B column (12) . The excluded volume containing the DNA was concentrated and spread from 50% (vol/vol) formamide for observation in the electron microscope as previously described (12) . 4X174 double-stranded DNA (5,385 base pairs) was added as a length standard to all spreading mixtures. Approximately 75 molecules containing the ADEI R loop were measured. Many of these contained additional R loops which indicated the location of the other transcribed regions. The sizes of the R loops ± the standard deviations in kb are given above the transcripts. Transcript a represents a portion of a 2.5-kb transcribed region at the yeast DNA-vector junction. The locations of the 2,u (5) and LEU2 (6) transcribed regions on the YEp13 vector are also shown. The adel-complementing yeast DNA insert is indicated by the unshaded block. 2,u by the solid blocks, LEU2 by the striped block, and pBR322 by the cross-hatched block. The arrows indicate the 3-kb fragment which was subcloned into Ylp3l for the gene disruption experiment (see Fig. 2 strains demonstrated the LEU2 gene integrated at a site different from its normal location on chromosome III (data not shown).
Southern blots of chromosomal DNA from (del genedisrupted and ADEI+ strains indicated that the adel gene was indeed disrupted (Fig. 2B) . As expected, the original 4.7-kb restriction fragment which hybridized ADEI DNA was increased by 1.4 kb to a length of 6.1 kb. This increase corresponded to the size of the deletion-insertion DNA that was used for the transformation. In addition, the LEU2 probe also hybridized to the 6.1-kb band that was found only in the adel-transformed strains (data not shown). These results show that replacement of the normal ADEI gene with the adel::LEU2 construct by homologous recombination had indeed occurred. It is worth noting that in our experiment, both ends of the linear DNA that was used to transform the yeast strain to adel were vector sequences, not chromosome I sequences (Fig. 2A) . Accordingly, regions of homology with the chromosomal target site on both sides of the inserted selectable marker seem sufficient for integration into the yeast genome.
We conclude that the ade/-complementing DNA in YEp13:(ADEI)1 is the bona fide ADEI gene from chromosome I. We suggest that the 1-kb transcribed region is the ADEI gene, as it appears to be the only intact gene on the plasmid. However, due to the inaccuracy of mapping transcripts by R loop electron microscopy, the gene disruption may have extended into transcribed region a. Consequently, we cannot eliminate the possibility of transcribed region a having the ade/-complementing function. We consider this possibility extremely unlikely since a disruption within gene a did not cause an adel mutation (unpublished results). Strain JP1 was courtesy of John Pringle. As expected, all adel asci were also LEU2.
